














@ TETHERS, TRAWLERS, AND TOWERS

@ « BUT - Who pays for Infrastructure ?
Rotating Tether Electrodynamic Tether

Orbit Raising / Lowerin Enable Suborbital-SSTO Power -or- Propulsion
VLEO = Vti
Tether P Orbital e.c'..‘ ft
ft <
Tral? sfers SpaceCraft A\ >Vo Vo + Vrot FazicHs Velocity E Plasma
too ::)v;er LEO Station ~:« Contactor
\\\\\\ iIII,,I’
(S "

Spacecraft LEO P
Transfers Vo - Vrot o
to Higher Plasma °: Plasma

Orbit Tether Contactor Electrons
(Insulated)
Orbit
Circularizatio,
Burn K (™ m—
Upper Atmosphere Science Space Space
T Elevator Elevator
r-- ~ » » » Limit of Orbital "Station"
Spacecraft $/kg to GEO
(Due to :Ir Drag) \ and Beyond
_— GEO

Tether

Tapered
Limit of High-Altitude Aircraft A {Tpocen)

| Earth I

EXTRATERRESTRIAL RESOURCE
UTILIZATION (ETRU)

Feedstock Regolith (Soil) Surface Regolith Water (Water-Ice)
Process Chemical Reduction Bake Regolith Water
of Regolith Electrolysis
Output 2, Trace Gases H2, 02
Metals (“*Slag”) (H2, N2, He3, etc.)
IF“

Feedstock Cco2 C02, H2 (H20) Outer-Planet
(Atmosphere) (H2 from Earth ?) Atmosphere

Process Zirconia “Electrolysis™ Sabatier + “Scoop’ from
Water Electrolysis Atmosphere




@ ANOMALIES IN PHYSICS
- THEN AND NOW -

OLD ANOMALIES NEW ANOMALIES
PARADIGMS - 1900 - PARADIGMS - 2000 -
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NASA BREAKTHROUGH PHYSICS
PROPULSION (BPP) PROGRAM

PROGRAM LEAD: Marc Millis, NASA GRC (i . a.go )

OBJECTIVE:
» Advance science to provide new foundations for breakthrough propulsion technology.

» Produce incremental, credible, and measurable progress toward conquering the ultimate
breakthroughs needed to revolutionize space travel and enable interstellar voyages.

TECHNICAL GOALS:
» Mass: Discover new propulsion methods that eliminate or dramatically reduce the need
for propellant.
* "Inertialess" space drives, gravity shielding/antigravity, thrusting against the zero-
point vacuum field

» Speed: Discover how to circumvent existing limits to dramatically reduce transit times.
*» Wormholes, Warp Drives

» Energy: Discover new energy methods to power these propulsion devices.
« Zero-point energy (Casimir Effect), deep Dirac energy levels

PROGRESS:

+ |dentified issues, potential for research programs

« Solicited Proposals, convened Advisory Counsel to review proposals, funded tasks
* Results being published in peer-reviewed journals

» Funding for all Revolutionary Propulsion (including BPP) cut in 2003




@ DEVELOPMENT OF ADVANCED PROP
TECHNOLOGIES TAKES TIME AND $$$

» Typically takes decades to go from concept to flight
» Basic research often tied to grad student life cycle (e.g., 4+ years)
* Costs dramatically increase over development life
» $100K for "paper" studies, basic research -> $100M for space flight demo
* Flight demos (e.g., New Millennium DS-1 SEP) critical for acceptance
* Project Managers very risk adverse

» Nothing succeeds like success - Many proposals now being funded for
SEP missions; Project Prometheus JIMO NEP

Initial Concept --> Initial Development --> Flight
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""Earth is the cradle of
humanity, but one cannot
live in a cradle forever."
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@ CONCLUSIONS

Some predictions for the future (any of which could be altered by changes in National
policy; e.g., Apollo)
Near-Term (5-15 years) - Robotic exploration of the Solar System
* Pretty much limited to what’s already in development (as opposed to research)
» SEP, NEP (e.g., Project Prometheus JIMO) with Advanced lon and/or Hall thrusters
 Aeroassist (Medium-high L/D aero-brake/capture) at target, with Chemical or SEP
used for injection
+ Others: Solar Sails, Solar Thermal, Momentum Exchange Tethers
Mid-Term (15-30 years) - Human exploration of the Moon and Mars
» Extraterrestrial Resource Utilization to produce propellants
* Nuclear Thermal (NERVA/LANTR, Bi-Modal)
» MW,-class SEP, NEP for cargo missions
* 100-MW, class (MMW,) NEP for piloted missions
* Robotic micro-technologies, first interstellar precursors (Solar Sails, NEP)
Far-Term (30+ years) - Routine, low-cost, fast access to anywhere in the Solar System
» Characterized by BIG systems (today’s sci-fi and basic research)
* Very demanding technologies
« Fusion, Antimatter Catalyzed Fission/Fusion
« Big Infrastructures (Who builds the Interstate Highway System?)
» Launch Assist Catapults, Laser Propuision ETO, Space Elevator
Very Far Term (22"d Century ?) - Interstellar missions
« Advanced Fission, Fusion, Antimatter, Laser Sails

"Earth is the cradle of humanity, but one cannot live in a cradle forever."





